Results are presented of a study of healthy European women who were more than 2 years beyond the menopause. In these subjects, oestrogenic function was assessed by cytological examination of vaginal smears and by estimation of the output of'total oestrogens' in the urine.
INTRODUCTION
It is important to evaluate the oestrogenic function of the individual at the time of the menopause and beyond in order to determine on what criteria the need for replacement therapy can be assessed. Such an assessment can be made either by studies involving vaginal cytology or by the estimation of oestrogens in the urine.
The aim of the present work was to examine the relationship between the maturation of the vaginal epithelium and the 24-hr urinary output of the three classical oestrogens-oestrone, oestradiol-17/? and oestriol-and to correlate these parameters with the clinical data.
MATERIALS AND METHODS

Clinical
The sixty-eight women reported in this study were selected at random from a group of normal healthy menopausal and postmenopausal subjects examined in a general practice in London. In order to avoid inclusion of women in The Editor regrets to report that the death of Dr Francis Morley occurred in July 1969. 1 whom ovarian activity persisted, the women selected were all 2 or more years postmenopausal and were not receiving any medication at the time of investi¬ gation. A cervical smear was taken after a general examination.
Hormone assay
Urine was collected from twenty-seven postmenopausal subjects. No preser¬ vative was added to the samples which were collected over a period of 24 or 48 hr. They were stored at 4e C and assayed within a few days or deep frozen ( -20°C ) to await assay at a later date. The method of estimation was essen¬ tially that of Brown, MacNaughtan, Smith & Smyth (1968) , including the saponification step described by Brown, Bulbrook & Greenwood (1957) .
In five postmenopausal subjects, oestrogen assays were repeated at a later date using the same method. In one of the latter group, parallel assays using both the spectrophotometric and spectrophotofluorimetric end-points were carried out. It was, therefore, possible to compare the results obtained by the method of Brown et al. (1957) with those of the Brown et al. (1968) procedure.
Cvtological methods
Vaginal smears, obtained from the posterior fornix pool with an Ayre's spatula or pipette, were taken on two occasions near, or at, the time of the urine collection. All the smears were fixed with carbowax, stained by the method of Papanicolaou & Traut (1943) and examined for atypical cells. Cytology of the vaginal smear was undertaken for hormonal assessment of oestrogenic activity only if infestation and inflammation were absent and spermatozoa were not present. The karyopyknotic index (KI) was calculated from 200 cells, counting the number of pyknotic squames having structureless opaque nuclei of less than 6 µ diameter. Using the maturation index (MI), the following maturation values (MV) were calculated: superficial squames, 1-0; intermediate cells, 0-5; and parabasal cells, 0-0. This is a modification of the classification of Meisels (1966) and was used in a preliminary report by Dove (1968) . As reported above, the MV has now been accepted as a standard by the second Tutorial on Hormonal Cytology (Weid, 1968) where it was shown that the MV, as computed from the MI, is constant for any one slide examined as measured by a number of different investigators. Table 1 gives the initial data on the twenty-seven women in whom oestrogen assays were conducted.
RESULTS
The values for 'total oestrogen' remained low as compared with those demonstrated in women during the menstrual phase of the normal cycle (Loraine & Bell, 1966) . There was no significant relationship between age and oestrogen excretion (r = -0-275, = 27, = NS). Similarly, no relationship between total oestrogen values and time since the completion of menopause could be demonstrated. No significant correlation was noted between oestrogen excretion and the cytological indices (for MV, r = 0-313, = NS; for KI, r = -0-034, = NS, = 27 in both cases). Repeated oestrogen assays in these subjects gave similar results to those found in the initial assay. Vaginal smears taken from some subjects on different occasions showed that considerable changes could occur in the cytological indices, whereas in others they remained constant. Table 2 shows the results obtained in one subject from the two methods of oestrogen assay mentioned above. Assays were carried out in duplicate on two Text- fig. 1 . The correlation between age and the maturation value in the vaginal smear in sixty-eight subjects: O, women in whom total oestrogen excretion was estimated; ·, women in whom oestrogen assays were not performed.
separate urine collections. The oestriol output, as measured by both methods, was high as compared with all other subjects in the series; however, the values for oestrone and oestradiol-17/? were in the same range as in the other women.
The results obtained by the spectrophotometric method were higher than those found by the spectrophotofluorimetric technique, except for the reading for oestradiol in one sample.
Initial MV and KI values were plotted against age in the sixty-eight subjects. The absence of correlation between age and MV is apparent (Text- fig. 1 ), both for women for whom oestrogen assays were or were not performed (r = -0-327; = 27; = NS). The data in Text- fig. 1 do, however, suggest that the maturation values may divide into two groups ; one generally above 35 whom total oestrogen excretion was estimated; ·, women in whom oestrogen assays were not performed. and one generally below 15. Application of a simple cluster analysis technique (i.e. separating the groups in such a way that each MV reading is nearer the mean of its own group than that of the other group) estimated a boundary at an MV of 31. The difference between the means of these groups was sufficiently high to suggest that they referred to two separate clusters of results and not merely to one population split into two (P < 0-001). An association was found between parity and MV, greater parity being associated with MV values below the estimated boundary of 31 (see Table 3 ).
In the twenty-seven women in whom oestrogen assays were performed, a low but significant correlation was demonstrated between KI and age (r = 0-394; = 27; = 0-05). The KI as determined in all sixty-eight patients was low, i.e. below 20. Of these, only 25% of the values exceeded 5 (Text-fig. 2 ).
DISCUSSION
In twenty-seven subjects, both cytological indices and urinary oestrogen output were examined. In a further forty-one women, cytological indices alone were studied. The overall conclusion to emerge from this investigation was that no correlation existed between MV and KI and the output of either total or individual oestrogens. Other workers have observed a similar result. Charles, Bell, Loraine & Harkness (1965) , in a study of patients with endometrial carcinoma, observed that cytological indices alone provided an unreliable estimate of the oestrogenicity of body fluids. Frampton (1966) , who studied a variety of abnormal gynaecological conditions, failed to demonstrate a corre¬ lation between KI and urinary oestriol excretion.
Differing results were obtained by Young, Bulbrook & Greenwood (1957) and Procopé (1969) . Young et al. (1957) , in an attempt to determine the levels of oestrogen in the blood, demonstrated that different cytological indices were correlated with differing levels of urinary oestrogen output. The standard deviations for each group were wide, however, and the authors concluded that the overall statistical correlation was of little practical value. Procopé (1969) examined women before bilateral oöphorectomy. He found a positive corre¬ lation to exist between the two 'indicators' of endogenous oestrogen production studied (total urinary oestrogen and vaginal cytology), though the levels of each oestrogen were somewhat high, being within the range encountered in normally menstruating women. Johannisson, Gemzell & Diczfalusy (1961) have demonstrated a highly significant correlation between KI and the loga¬ rithm of the sum of 'total' urinary oestrogen. Their findings were compiled from five young amenorrhoeic women who had been stimulated with a single dose of a human pituitary follicle-stimulating preparation. The high urinary oestrogen excretions resulting from this manner of stimulation are, however, never reached under normal conditions in non-pregnant women.
One factor which may have contributed to the differing results reported in these studies concerns the actual method of assay employed. Thus, Young et al. (1957) used the method described by Brown (1955) for the estimation of oestro¬ gens in urine. It is now recognized that this technique has limitations with respect to specificity when low-titre urines are assayed (see Loraine & Bell, 1966) . Thyssen & Veeman (1968), using gas liquid chromatography, examined thirty-five Dutch women and obtained a mean value for each oestrogen which was four times higher than that which we have demonstrated. In the present investigation, the technique of Brown et al. (1968) , which was used for oestrogen determination, had a sensitivity considerably higher than that of his original method (Brown, 1955) . This might well be expected to yield estimates which approximate more closely to the true value.
A second factor which may have contributed to the differing results obtained by Young et al. (1957) and by Procopé (1969) concerns the type of subject studied in the various investigations. Rubenstein & Duncan (1941) claim that a correlation exists between vaginal cytological indices and urinary oestrogen output as measured by bioassay (Smith, Smith & Gavian, 1959; Rakoff, 1961) . It should, however, be emphasized that bioassay methods for oestrogens possess great inherent difficulties, especially as regards the precision of the results obtained (Emmens, 1939; Loraine, 1958) . There is, therefore, no direct evidence that maturation of vaginal cytology relates to endogenous oestrogen levels in the body fluids of postmenopausal women. Struthers (1956), however, found a wide distribution of oestrogenic activity as measured by vaginal cytology in women who had had a spontaneous meno¬ pause or a bilateral oöphorectomy (see also Meisels, 1966) . The MV obtained from the sixty-eight women in the present study closely reflects the results quoted in these reports. On clinical examination, the women in this study could be separated into two groups depending on whether or not the vaginal epi¬ thelium was atrophie or intermediate. Statistical analysis of these groups sug¬ gests that women who had had three or more children were more likely to have an atrophie vaginal epithelium, despite the fact that the incidence of coitus at the time of examination was similar in each group.
From the results of the present study, it is concluded that neither total urinary oestrogen excretion nor vaginal cytology provide a useful guide to oestrogenic function in postmenopausal women, or a baseline from which hormonal replacement therapy can be determined. It would appear that the MV is a more consistent and precise parameter than the KI in postmenopausal women and a more useful measure from the point of view of further research.
